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SUMMARY: Table olive processing water (TOPW) contains many complex substances, such as phenols, which 
could be valorized as a substrate for microalgae biomass culture. The aim of this study was to assess the capabil-
ity of Nannochloropsis gaditana to grow in TOPW at different concentrations (10- 80%) in order to valorize this 
processing water. Within this range, the highest increment of biomass was determined at percentage of 40% of 
TOPW, reaching an increment of 0.36 ± 0.05 mg volatile suspended solids (VSS)/L. Components of algal bio-
mass were similar for the experiments at 10-40% of TOPW, where proteins were the major compounds (56-74%). 
Total phenols were retained in the microalgae biomass (0.020 ± 0.002 g of total phenols/g VSS). Experiments for 
80% of TOPW resulted in a low production of microalgae biomass. High organic matter, nitrogen, phosphorus 
and phenol removal were achieved in all TOPW concentrations. Although high-value products, such as proteins, 
were obtained and high removal efficiencies of nutrients were determined, microalgae biomass culture should be 
enhanced to become a suitable integral processing water treatment.
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RESUMEN: Cultivo de biomasa de microalgas para la valorización del agua de elaboración de las aceitunas de 
mesa. El agua resultante del proceso de elaboración de la aceituna de mesa (TOPW) presenta un elevado con-
tenido en sustancias complejas, como fenoles, que podría permitir su uso como sustrato para el cultivo de 
microalgas. El objetivo de este estudio se centra en evaluar la capacidad de crecimiento de Nannochloropsis 
gaditana en TOPW a distintas concentraciones (10-80%) con vistas a la valorización de estas aguas. El mayor 
incremento de biomasa se obtuvo para un porcentaje del 40% de TOPW, alcanzando un aumento de 0.36 ± 0.50 
mg sólidos en suspensión volátiles (SSV)/L. Los componentes presentes en la biomasa han sido similares para 
los experimentos con 10-40% de TOPW, siendo las proteínas los compuestos mayoritarios en todos los casos 
(56-74%). Los fenoles totales quedaron retenidos en las microalgas, alcanzando una concentración media de 
0.020 ± 0.002 g fenoles totales/g SSV. En los experimentos con 80% de TOPW se obtuvieron producciones bajas 
de microalgas. Las eficiencias de eliminación de materia orgánica, nitrógeno, fósforo y fenoles fueron elevadas 
para las diferentes concentraciones estudiadas de TOPW. Aunque se ha obtenido una elevada producción de 
compuestos de interés y altas eficiencias de eliminación de nutrientes, el cultivo de microalgas debería mejorarse 
para llegar a ser un sistema integral válido para el tratamiento de TOPW.
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Proteínas; Valorización
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1. INTRODUCTION
Table olives are one of the most traditional fer-
mented vegetable of Mediterranean countries. The 
world production of table olives has been increas-
ing in recent years. This production is estimated to 
reach 2,742,500 tons for the 2015/16 season, with 
520,000 tons produced in Spain (IOOC, 2016). 
Green Spanish style is the most prominent indus-
trial preparation of table olives which reaches 60% 
of the total Spanish production (Sánchez et al., 
2006). Table olive preparation consists of treating 
the fruits with a dilute NaOH solution to hydro-
lyze their natural bitterness (oleuropein), followed 
by one or two water washings to remove the alkali 
excess and, finally, a spontaneous lactic acid fer-
mentation in brine.
Table olive processing water (TOPW) contains 
many complex substances and a high organic  content, 
which represent a serious environmental problem 
in Mediterranean countries (Brenes et al., 1989; 
Parinos et al., 2007). The main organic  constituents 
of TOPW are sugars and phenolic compounds, basi-
cally, tyrosol, hydroxytyrosol, ferulic acid and caffeic 
acid; some nitrogenous compounds, organic acids, 
tannins, pectin and oil residue  compounds (Sánchez 
et al., 2006). The inorganic fraction  consists of both 
high concentrations of sodium chloride and sodium 
hydroxide, which are used for olive de-bittering and 
fermentation, as well as trace amounts of various 
metals. TOPW phytotoxicity is due to the phenolic 
substances, which confer a sharp characteristic odor 
and make TOPW toxic and resistant to biodegrada-
tion (Ayed et al., 2015).
Some species of microalgae show a remark-
able degree of adaptation to a variety of phenols 
and high salt concentrations (Kaçka and Dönmez, 
2008). These microalgae could grow in e.g. wastewa-
ters derived from brine of table olives, reducing the 
need for fresh water and underlining the necessity 
for very low-cost culture systems.
Assimilating nutrients and polluting compounds 
from wastewaters through photosynthesis produce 
dissolved oxygen that might be used by bacteria 
to further oxidize organic wastes (Montingelli 
et al., 2015). The subsequent harvest of  the algal 
biomass permits the recovering of  nutrients and 
valuable compounds from the wastewater, which 
can be used as substrates for different valorization 
processes such as biofuel production or high-value 
compound production. Wang et al. (2010) dem-
onstrated this concept by testing the cultivation 
of  green algae Chlorella sp. in municipal wastewa-
ters from different process treatment stages. The 
results showed that growing algae in concentrated 
wastewater, which is the wastewater generated in 
the sludge centrifuge, has a potential in terms of 
both nutrient removal and biomass cultivation for 
biofuel production.
Microalgae have been proposed as protein 
sources and procedures for protein isolation have 
been  developed for protein-producing microal-
gae (Gerde et al., 2013). In addition, microalgae 
are important sources of bioactive natural sub-
stances, such as long-chain polyunsaturated fatty 
acids, carotenoids and tocopherols, which can be 
utilized in the food industry for the development 
of functional foods, which provide health benefits. 
Nannochloropsis gaditana is a microalga belonging 
to the class Eustigmatophycea and is characterized 
by its high capacity to  accumulate proteins and 
 lipids, between 65% and 70% (dry basis) (Gerde et 
al., 2013; Millao and Uquiche, 2016) and  carotenoid 
pigments, including astaxanthin, β-carotene, 
 canthaxanthin, neoxanthin, violaxanthin and 
 zeaxanthin. Carotenoids are particularly used as 
functional additives given their antioxidant  activity, 
nutritional activity as provitamin A and as food 
colorants. Tocopherols are antioxidants that have 
a protective effect against the oxidation of unsatu-
rated lipids. These natural compounds may be used 
in nutraceutical applications and in the development 
of functional products. In addition, N.  gaditana 
has shown high biomass productivity compared 
to other screened microalgae such as Scenedesmus 
 quadricauda or Chlamydomonas reinhardtii, under 
autotrophic conditions (Sforza et al., 2010).
The aim of this study was to assess the capability 
of N. gaditana to grow in TOPW at different con-
centrations. The contents of total phenols, proteins, 
lipids and total carbohydrates were determined in 
the microalgal biomass after the growth period 
with a view to its recovery and valorization. The 
degradation of organic matter was also evaluated 
in each case studied on the basis of total organic 
carbon removal efficiency. Finally, the biomass spe-
cific growth rate was obtained by using a first-order 
kinetic model.
2. MATERIAL AND METHODS
2.1. Microalgae, synthetic medium and table olive 
processing water used
A N. gaditana strain was obtained from the 
University of Huelva (Spain). A stock culture of 
N. gaditana was maintained photoautotrophically in 
an 8.0-L glass bottle, containing 5.0-L of culture, by 
addition of a synthetic medium. Growth conditions 
were maintained at an aeration rate of 0.5 L/(L·min) 
under solar light of 4.6 µmol photons/(m2·s) and at 
a temperature of 25 ± 2 °C.
An f/2 medium for marine algae was used as syn-
thetic medium. The composition of the f/2 medium 
is described in Table 1 (Guillard and Ryther, 1962; 
Guillard, 1975). For the preparation of the synthetic 
medium, sodium nitrate was adjusted to 13.2 mM 
and the phosphate source was adjusted to 0.7 mM.
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Table olive processing water was taken from a local 
industry located in Arahal, Seville (Spain). TOPW 
was collected in the months of spring, when the wash-
ing process was carried out. TPOW came mainly from 
washing tanks after NaOH treatment. For the culture 
experiments, TOPW was centrifuged to eliminate sus-
pended solids at 4000 rpm for 15 min and vacuum 
filtered through a Millipore 0.45 μm filter (Albet GF 
47 mm, Dassel, Germany). The Physicochemical 
characterization of table olive processing water and 
the synthetic medium is shown in Table 2.
2.2. Experimental procedure
To prepare the culture medium, TOPW and 
the components of the synthetic medium, except 
the vitamins, were sterilized in an autoclave at 121 
°C, 1.1 bars during 15 min (RAYPA Series AES, 
Barcelona, Spain). Sterilization was carried out in 
order to minimize interferences in the microalgae 
biomass growth from microorganisms presented in 
the resulting media.
Growth experiments were done in 1.0-Lglass 
 bottles in duplicate. The culture media for the 
growth experiments were different mixtures of 
synthetic medium and TOPW. The proportion 
of TOPW in the culture medium was increased 
at  different  percentages 10, 20, 40 and 80%, v/v. 
Growth  experiments were inoculated with the solid 
fraction that remained after the centrifugation of 
100 mL of stock culture at 4000 rpm for 15 min. 
Subsequently, growth experiments were carried out 
in the resulting medium for 15 days, at an aeration 
rate of 0.5 L/ (L·min), under solar light of 4.6 µmol/
(m2·s) and at a temperature of 25 ± 2 °C.
2.3. Analytical procedures
Chemical analyses were used for the character-
ization of synthetic medium, the TOPW as well as 
for the effluents from each microalgae culture test at 
the end of the process. The concentration of volatile 
solids (VS; g/L), conductivity (mS/cm) and pH were 
carried out according to the recommendations of the 
Standard Methods of APHA (2005). Additionally, 
volatile suspended solid concentration (VSS; g/L) 
was also estimated through the turbidity by mea-
suring the absorbance at 750 nm (Genesys 10 VIS 
spectrophotometer, Thermo Scientific, Horshman, 
England). Additionally, total soluble organic car-
bon (TOC; mg/L) and total soluble nitrogen (TN, 
mg/L) were determined from the soluble fraction 
using a Rosemount analytical Dohrmann DC-190 
carbon analyzer. The TOC analyzer was calibrated 
with a standard solution of potassium phthalate 
prior to the TOC analyses. Total phenol concentra-
tion was quantified by spectrophotometry with the 
Folin-Ciocalteau method (García et al. 2016).
For microalgae biomass, concentrations of 
total phenols, proteins, lipids and total carbohy-
drates were determined. Determinations were car-
ried out after an ultrasound pre-treatment in order 
to liberate the  compounds inside the cell wall and 
allow a correct quantification. The ultrasound pre-
treatment was carried out at 200 W and 24 kHz for 
20 min (UP200S ultrasonic processor, Hielscher, 
Germany). Samples were placed in an ice-water 
bath during the pre- treatment to keep the sample 
at a temperature lower than the boiling point and 
to avoid  significant loss of organic matter. Total 
 phenol concentration was also quantified through 
the Folin method (García et al. 2016).
The concentration of proteins in the microalgae 
biomass was measured in accordance to Lowry et al. 
(1951). 0.1 mL of sample and 0.3 mL of distilled water 
were added to a glass tube. To each tube, 0.4 mL of 
Table 1. Composition of the employed synthetic medium
Concentration Compounds
Nitrogen Source 1.125 g/L NaNO3
Phosphorus Source 113 mg/L NaH2PO4 2 H2O
Synthetic seawater 27.12 g/L NaCl
5.23 g/L MgCl2 6H2O
6.77 g/L MgSO4 7H2O
1.51 g/L CaCl2 2H2O
0.73 g/L KCl
  0.20 g/L NaHCO3
Trace metals 4.36 mg/L EDTA Na2
3.15 mg/L FeCl3 6H2O
10 µg/L Cu SO4 5H2O
22 µg/L Zn SO4 7H2O
10 µg/L Co Cl2 6H2O
180 µg/L Mn Cl2 4H2O
  6 µg/L Na2 MoO4 2H2O
Vitamins 100 µg/L Vitamin B1
2 µg/L Vitamin B12
  1 µg/L Vitamin H
Table 2. Physicochemical characterization of table olive 
processing water and synthetic medium
TOPW Synthetic medium
pH 5.55 ± 0.04 7.6 ± 0.3
Conductivity mS/cm 17.5 ± 0.1 50.1 ± 0.3
TS g/L 11.6 ± 0.1 25.7 ± 0.2
VS g/L 1.9 ± 0.2 N.D
VSS g/L 0.104 ± 0.001 N.D
TOC mg/L 843 ± 1 N.D
TN mg/L 31 ± 1 123 ± 1
Phosphate mg/L 19.23 ± 0.06 24.18 ± 0.22
Phenols mg/L 229 ± 50 N.D
N.D.; not determined
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NaOH 1 N were added. Subsequently, the samples 
were incubated at 100 °C in a thermostat dry-block 
for 10 min (P Selecta multiplaces, Barcelona, Spain), 
and cooled for 5 min in a water bath at room temper-
ature. Next, 2 mL of cupric ion solution and 0.4 mL 
of 50% (w/v) Folin-Ciocalteau reactive were added 
to each tube. After 30 minutes in the dark, the optical 
density at 750 nm was read in a glass cuvette against 
a reference tube with 0.4 mL water as sample. The 
amount of proteins was determined by a standard 
curve based on the albumin concentration.
Lipid concentration was determined according 
to Wang et al. (2009). 0.2 mL of sample was added 
to a glass tube with a stopper. To each tube, 2 mL 
of sulfuric acid 18 M were added. The tubes were 
incubated at 100 °C in a thermostat dry-block for 10 
min, and cooled for 5 min in a water bath at room 
temperature. Next, 5 mL of phosphoric acid– vanil-
lin reagent was added to each tube and incubated at 
37 °C for 15 min. To prepare the phosphoric acid–
vanillin reagent, 1.2 g of vanillin was added to 200 
mL of distillate water, and the volume adjusted to 
1 L with 85% phosphoric acid. The tubes were then 
cooled for 10 min in a water bath at room tempera-
ture. The optical density at 530 nm was read in a 
glass cuvette against a reference tube with 0.2 mL 
water as sample. A reference curve was obtained by 
plotting absorbance against the corresponding lipid 
concentration ranging from 0.1 to 1.4 g/L as deter-
mined by the conventional gravimetric method.
A total carbohydrate analysis was made accord-
ing to the colorimetric method described by Bellou 
and Aggelis (2013). 0.1 mL of sample was mixed 
with 1 mL of 5% (w/v) phenol solution and, sub-
sequently, 2.5 mL of sulfuric acid (95–98%) were 
added. After incubation at room temperature in the 
dark for 30 min, optical density was determined at 
470 nm using a UV/Vis spectrophotometer (DU 
730, Beckman Coulter, USA). The total carbohy-
drate amount was determined by a standard curve 
based on glucose concentration.
2.4. Data fi tting
A First-Order exponential model (FO) was 
applied to fit the experimental data of the bio-
mass concentration through the turbidity (g 
VSS/L) against the experimental time (eq. 1). 
The  application of the FO model was previously 
reported for N. salina culture by Sforza et al. (2010), 
and is defined by the equation:
 C = C0 + Cmax [1 − exp (−μ * t)] (1)
Where C (g VSS/L) is the partial concentration 
of biomass, C0 (g VSS/L) is the initial concentration 
of biomass, Cmax (g VSS/L) is the maximum concen-
tration of biomass, μ (d-1) is the specific growth rate 
and t (d) is the time.
2.5. Software
Sigma-Plot software (version 11.0) and Microsoft 
Excel 2010 were used to create graphs, perform the 
statistical analysis (mean values and standard devia-
tions) and fit the experimental data to the tendency 
lines presented in this work.
3. RESULTS AND DISCUSSION
3.1. Microalgae growth in table olive processing water
The suitability of the TOPW as substrate for grow-
ing N. gaditana was evaluated through the variations 
in turbidity and VSS after the 15-day culture period 
(Figure 1). The initial algal biomass concentration 
was similar for the different growth experiments, with 
a mean value of turbidity of 0.72 ± 0.20 g VSS/L. 
According to Figure 1, N. gaditana has grow in a 
medium enriched with TOPW at percentages from 
10 up to 40%, with a mean value of increase of 0.32 
± 0.03 g VSS/L. Within this range, the highest incre-
ment of turbidity was determined at a percentage of 
40% of TOPW, reaching an increment of up to 0.36 ± 
0.05 g VSS/L; i.e. an algal biomass concentration of 
0.44 ± 0.06 g VSS/L at the end of the culture period. 
80% of TOPW in the culture mixture entailed a poor 
growth of algal biomass, reaching a value of turbid-
ity of 0.19 ± 0.30 g VSS/L, around 43% lower than 
the value described for 40% of TOPW (Figure  1). 
A maximum algal biomass concentration of 0.72 g 
VSS/L was recently reported for N. Salina in 22 g 
sterilized sea salts per L solution enriched with f/2 
Guillard (Sforza et al., 2012). The reduction of this 
difference and an improvement in the algal biomass 
concentration could be reached by the employment 
of microalgae adapted to the specific conditions of 
TOPW or by promoting the formation of consor-
tiums with other microalgae or bacteria species. An 
adaptation process could also entail an increment in 
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FIGURE 1. Variation of turbidity (g VSS/L) and VSS (g VSS/L) 
after a 15-day growth period for the different percentages of 
TOPW (%).
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the TOPW percentage that could be treated without 
affecting the microalgae biomass growth.
The values of VSS presented similar values and 
trends to the turbidity values in the experiments with 
TOPW percentages up to 40% (Figure 1), although a 
high difference at 80% TOPW was found. This differ-
ence could be explained by a marked growth of bacteria 
in relation to the growth of N. gaditana at 80% TOPW.
3.2. Microalgae composition and recovery potential
The valorization of the obtained microalgae bio-
mass depends on the concentration of proteins, total 
carbohydrates and lipids, which are determined from 
the most recommended valorization process. These 
principal compound groups were quantified in the 
microalgae biomass at the end of each growth exper-
iment. Figure 2 shows the content of proteins, total 
carbohydrates and lipids per gram of VSS at the 
different percentages of TOPW used. Proteins were 
the major compounds; they represented between 
56-74% of the total content, with much higher 
 percentage than those obtained for lipids and total 
carbohydrates (Figure 2). In the growth experiments 
at 20% of TOPW, the highest content of proteins was 
reached, i.e. 0.73 g of proteins/g VSS. Interestingly, 
the production of proteins per litre of growth cul-
ture was very similar for the experiments at between 
10% and 40% of TOPW with a mean value of 0.19 ± 
0.03 g of proteins/L. The productions at 0% and 80% 
of TOPW were 0.07 ± 0.01 g of proteins/L, around 
64% lower than those achieved in the above range 
of TOPW percentages. Lipid and total carbohydrate 
concentrations were very similar at the different 
TOPW proportions with mean values of 0.15 ± 0.04 
g/g VSS and 0.14 ± 0.06 g/g VSS, respectively.
Phenols are other valuable compounds present in 
the TOPW whose retention by the microalgae biomass 
could help its valorization. Figure 3 shows the total 
phenol content per gram of microalgal VSS at the 
different percentages of TOPW in the growth experi-
ments. Total phenol contents in microalgal biomass 
reached very similar concentrations for the experiments 
at 10-40% of TOPW with a mean value of 0.020 ± 
0.002 g of total phenols/g VSS (Figure 3). Increasing 
the TOPW percentage in the growth experiment up 
to 80% entailed a marked decrease in the retention of 
the total phenols by the microalgae biomass, reach-
ing a value of 0.009 ± 0.001 g of total phenols/g VSS, 
around 54% lower. Therefore, in the studied condi-
tions, 40% of TOPW could be considered as the most 
interesting percentage of mixture to be treated given 
that it allows for the treatment of the highest percent-
age of TOPW without decreasing the concentrations 
of valuable compounds and microalgae biomass.
3.3. Microalgae as water treatment for nutrient 
removal
The use of TOPW to grow microalgae biomass 
also implies the decrease of nutrient concentrations 
in the TOPW, which can be seen as a process water 
treatment. Table 3 shows the concentration of TN, 
phosphate, TOC and total phenols in the growth 
medium at the beginning and the end of the 15-day 
experimental time. As can be seen, the concentra-
tion at day 0 of TN, TOC and total phenols in the 
growth medium strongly depended on the TOPW 
percentage, which presented a low concentration of 
TN but contributed to the TOC and total phenols. 
The TN removal efficiency determined at 80% of 
TOPW was significantly higher than those obtained 
for the other TOPW percentages, reaching 74% of 
TN removal. Regardless of the initial TN concen-
tration, the quantity of TN fixed by the microalgae 
biomass per L of growth culture was similar in all 
the growth experiments, i.e. around 32 ± 10 mg N/L. 
TOC removal efficiencies at 20-80% of TOPW were 
FIGURE 2. Content of proteins, lipids and total carbohydrates 
(g/gVSS) at the end of the growth period for the different 
percentages of TOPW (%).
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similar, with a mean value of 68 ± 4%. This value was 
63% higher compared to removal efficiency deter-
mined at 10% of TOPW (Table 3). Total phenols 
were effectively removed from the growth medium, 
even at the highest initial concentration, i.e. 80% of 
TOPW, which reached a removal efficiency of up 
to 71%. The phosphate removal efficiencies ranged 
from 22% to 53%, with the highest value determined 
at 40% of TOPW (Table 3).
The use of TOPW to grow microalgae biomass 
presents an interesting option for removing nitro-
gen, phosphorus, phenols and organic matter from a 
processing water which is very difficult to be biode-
graded, given its high content in toxic compounds. 
Although high removal efficiencies of nutrients were 
determined, microalgae biomass culture should be 
enhanced if  it is to become a suitable integral pro-
cessing water treatment.
3.4. Time required to maximize the valorization 
process
According to previously described results, 40% 
of TOPW could be considered as the most interest-
ing dilution percentage in the studied conditions. 
In order to determine the time required to maxi-
mize the valorization process, microalgae biomass 
concentration and composition were monitored 
versus time throughout the growth experiment at 
40% TOPW. Figure 4 shows the turbidity values 
(g VSS/L) against the culture period (d). The micro-
algae biomass increased from 0.09 ± 0.01 g VSS/L 
up to a mean value of 0.42 ± 0.02 g VSS/L at the end 
of the growth experiments. Although the maximum 
microalgae biomass concentration was reached after 
a 13-day period, 51% and 75% of this increase were 
reached after the 3-day and 8-day periods, respec-
tively. Figure 4 also shows the results of applying 
a FO model to the experimental data, which pre-
sented a good fitting with a value of r2 of 0.964. 
The FO model also correctly predicted Cmax, with 
a difference between the experimental and the mod-
eled values of lower than 5%. The FO model also 
includes the specific growth rate, which allows for 
the evaluation of the kinetics of the process. At the 
proposed experimental conditions, specific growth 
rate was found to be 0.16 ± 0.04 d-1. This value was 
lower than that obtained by Sforza et al. (2012) in 
cultures of N. Salina (0.49 d-1) in sterilized sea salt 
solutions enriched with a f/2 Guillard solution. The 
marked difference underlines the process and should 
be optimized by, for example, adapting microalgae 
and bacteria consortium to TOPW characteristics.
Microalgae biomass composition remains 
slightly constant after 6 days with mean values of 
0.74 ± 0.04 g/g VSS of proteins, 0.12 ± 0.01 g/g VSS 
of lipids, 0.02 ± 0.01 g/g VSS of total carbohydrates 
and 0.03 ± 0.01 g/g VSS of total phenols (Figure 5). 
Proteins were the main compound group, reaching 
a concentration of 271 mg of proteins/L of growth 
medium after an 8-day period. An increase in the 
growth period entailed a low increase in the protein 
concentration, which reached a maximum concen-
tration of up to 317 mg of proteins/L of growth 
medium after a 16-day period; i.e. an increase of 
17% by doubling the growth period. Lipids were 
TABLE 3. Initial and final TN, phosphate, TOC and total phenol concentrations in the growth medium at different percentages of TOPW
Day % TOPW 10 20 40 80
TN (mg/L) 0 167 ± 1 137 ± 28 110 ± 24 61 ± 2
15 140 ± 1 101 ± 29 89 ± 4 16 ± 4
Phosphate (mg/L) 0 23 ± 1 22 ± 1 19 ± 1 14 ± 1
15 18 ± 1 12 ± 1 9 ± 1 10 ± 1
TOC (mg/L) 0 144 ± 12 204 ± 4 367 ± 5 735 ± 50
15 84 ± 3 53 ± 3 125 ± 1 273 ± 62
Total phenols (mg/L) 0 20 ± 1 41 ± 2 85 ± 3 156 ± 3
15 ND ND 16 ± 2 44 ± 6
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FIGURE 4. Variation of turbidity (g VSS/L) versus time 
throughout the culture period for experiments at 40% of 
TOPW.
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also accumulated in the microalgae biomass by 
 increasing the growth period, reaching a maxi-
mum concentration of 44 mg of lipids/L of growth 
medium after an 8-day period. Total carbohydrates 
and total phenols remained practically constant 
throughout the growth period.
4. CONCLUSIONS
• N.gaditana using TOPW was effectively grown 
up to a proportion of 40% TOPW.
• Proteins were the major compounds in the 
grown microalgae biomass (56-74%).
• Phenols were retained in the microalgae bio-
mass up to a mean concentration of 0.020 ± 
0.002 g of total phenols/g VSS.
• Efficiency of phenol removal was very high, 
reaching a value up to 81% in 40% TOPW 
experiments.
• Experiments of 80% TOPW resulted in a low 
production of biomass and valuable products.
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